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Abstract: This study develops a fuzzy inventory model to find 
the minimum relevant inventory cost per unit time for non- 
instantaneous deteriorating goods over a finite time horizon 
with exponentially declining demand for n-cycles. The 
shortages are allowed and back ordered. Under the situation 
of delay in payments, the inventory model in this study is 
divided into four cases by the time of shortage, deadline of 
delay in payment. The holding cost, shortage cost, 
deterioration cost, purchasing cost and selling price are 
considered as trapezoidal fuzzy numbers. The signed distance 
method is used for defuzzification. A numerical example is 
presented to illustrate the model and the sensitivity analysis is 
also studied. 
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1. Introduction 

The controlling and regulating of deteriorating item is a 
measure problem in any inventory system. Certain products like 
vegetables, fruits, electronic components, chemicals deteriorate 
during their normal storage period. Hence when developing an 
optimal inventory policy for such products, the loss of inventory 
due to deterioration cannot be ignored. The researches have 
continuously modified the deteriorating inventory models so as 
to more practicable and realistic. In the most inventory models 
for deteriorating items existed, almost all researches assume 
that the deterioration of the items in inventory starts from the 
instant of their arrival in stock. However, in real world, most 
of goods have a span of maintaining fresh quality of original 
condition. During that time interval, there is no deterioration. 
Those items are idled as non-instantaneous items. In the field of 
inventory control management, it is necessary to consider the 
inventory problems for non - instantaneous deteriorating items. 

Liang- Yuh OUYANG, Kun-shan WU, Mei-chuan 
CENG [3] were the two earliest researches to consider inventory 
model for exponential declining demand and during the 
shortage period, the backlogging rate is variable and is 
dependent on the length of the waiting time for the next 
replenishment. Later Kai- Wayne chuang, Jing-Fu Lin [1] 

presented an ordering Quantity model for Non-instantaneous 

deteriorating items under conditions of permissible delay in 
payments, they derived for ‘n’ cycles over a finite planning 


horizon. Yanlai Liang, Fangning Zhou [9] developed a two 
warehouse inventory model for deteriorating items under 
conditionally permissible delay in payment and ZHAO Xian 
Yu, ZHENG Yi, JIA TAO [10] discussed a ordering policy for 
Two- phase deteriorating inventory system with changing 
deterioration rate. Liqun Ji [4] proposed deterministic EOQ 
inventory model for non-instantaneous deteriorating items with 
starting and ending without shortages. Sahoo.N.K, Sahoo.C.K 
[6] considered constant deteriorating items with price dependent 
demand, time varying holding cost. Recently, Misra.U.K, 
Sahu.S.K, Bhaskar Bhaula, Raju.L.K[5] provides a detailed 
review of deteriorating items. They indicated the assumption of 
Weibull distribution for deteriorating items with permissible 
delay in payments. 

In the traditional inventory EOQ model, the retailer 
pays for his items as soon as it is received. However in real 
competitive business world, the supplier offers the retailer a 
delay period, known as trade credit period. Delay in payment to 
the supplier is an alternative way of price discount. Hence 
paying later in directly reduces the purchase cost which attracts 
the retailers to enhance their ordering quantity. Here Business 
would earn interest income during this period and pay interest 
charge after the trade credit period delay in opposite. For 
retailers, especially small businesses which tend to have a 
limited number of financing opportunities , rely on trade credit 
as a source of short-term funds. 

In conventional inventory models, various types of 
uncertainties are classically modeled using the approaches from 
the probability theory. However, there are uncertainties that 
cannot be appropriately treated by usual probabilistic models. To 
define inventory optimization tasks in such environment and to 
interpret optimal solutions, fuzzy set theory in inventory 
modeling renders an authenticity to the model formulated since 
fuzziness is the closest possible approach to reality. 

Dutta[2] discussed a fuzzy inventory model without 
shortages, He used fuzzy trapezoidal numbers for holding cost 
and ordering cost. Syed [7] developed a fuzzy inventory model 
without shortages using signed distance method. He also used 
fuzzy triangular numbers for both ordering cost and holding 
cost. Umap[8] formed a fuzzy EOQ model for deteriorating 
items with two warehouses. He considered fuzzy numbers for 
the parameters such as holding cost and deteriorating cost for 
two ware houses. He used signed distance method and function 
principle method for defuzzification of total inventory costs as 
well as optimum order quantity. 

In this paper, a fuzzy inventory model with non- 
instantaneous deteriorating items is developed for ‘n’ cycles . 
We already developed this model for one cycle. We have a 
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demand function which is exponentially decreasing and the 
backlogging rate is inversely proportional to the waiting time for 
the next replenishment. In this study, the inventory model is 
divided into four cases by the time of shortage and deadline of 
delay in payment. This study aimed to find the minimum 
relevant inventory cost per unit time. The holding cost, shortage 
cost, deterioration cost purchasing costs and selling price are 
considered as trapezoidal fuzzy numbers. The fuzzy total cost is 
defuzzified using Signed distance method. MATLAB R2007b is 
used to find the optimal values in numerical examples. 


2.1 Notations 

/(tj = The inventory level at time t 
R (t) = The demand rate per unit time 
A = The initial demand 
& = The deterioration rate 


2.PRELIMINARIES 


Definition 2.1: 

A fuzzy set d on R = (— is called a fuzzy point if its 
membership function is define by 


Pa 


60 = ( 


l,x = a 
0 .. x ^ g. 


Where the point ‘a’ is called the support of fuzzy set d 
Definition 2.2: 

A trapezoidal fuzzy number A = (a, fa, c. d) is represented 
membership function is defined 


with 


fijGr) = 


as 


^ 7 —-, when a < x < b 

B-4Z 

1 , when fa < x < c 

— -, when c < x < d 
d -a 

0 , □ therw ise 


Definition 2.3: 

A fuzzy set -4 is defined on R. Then the signed distance of 
A is defined as 

d{A t 0 ) = ^ JqIA l (jcl) -f A r (a) ] da, where A e = U L (a), A r Cat)] 

= [a -f (fa — a)a f d — ( d — cIg], a G [0,1], is the a- 
cutof fuzzy set A. 


Definition 2.4: 

Suppose A — (%,%, g. 3 , g- 4 3 and 5 = (fa L ,fa 2 , fa 3 , fa 4 J are 
two trapezoidal fuzzy numbers, then arithmetical operations are 
defined as 


Addition: A T S = (a L -f fa^, a 2 -|- fa 2 , g 3 T fa 3 , g 4 T fa 4 j 
Subtraction: 


.1 — S = Cg-! — b V Or 2 — fa 2 , G-g — fag, G 4 — fa 4 ) 

Multiplication: A x S = (a 1 b v a 2 fa 2 , G. g fa 3 , G 4 fa 4 j 
Division: j= 

Scalar Multiplication :For any real constant k, 
(fc q l , pcg-2 , k a 3 , k g 4 j , k > 0 
(kG 4 ,kG.g , p:g. 2 , £%), k < 0 


kA 




1. 


2.Notations and Assumptions 


£ = The backlogging parameter 

n = The number of replenishment cycles 

H = The length of planning horizon 

T = The length of replenishment cycle(H/n) 

M = The permissible delay in settling account 

= The length of time with no deterioration (0< ^ < T) 

k = The length of period with positive inventory 

(td < k < 7) 

OC = The fixed cost per order($) 

I# = The interest earned per $ per year 

= The interest charged per $ in stocks per year by the 
supplier 

= (fa- t , fa^, fa- 3 , - The fuzzy holding cost per unit per unit 

time ($) 

= (d L ,d 2 , d lf d 4 ) - The fuzzy deterioration cost per unit per 
unit time ($) 

= (s L ,s 3i s 3# s 4 3 - The fuzzy shortage cost per unit per unit 
time ($) 

cj = JVp 4 3 _ The fuzzy purchasing cost per unit per 

unit time ($) 

P = (sp v sp 2 , £pg ,sp 4 J - The fuzzy selling price per unit ($) 

2.2 Assumptions 

he demand rate is known and decreases exponentially, 
l it) > 0 

R CO = ^ g , where A(>0) is initial demand and 

A, (0 < A < O ') is a constant 
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2 . 

he deteriorating rate 9, (0< & < 1) is constant and there is no 
replenishment or repair of deteriorated units during the period 
under consideration. 

3. 

he inventory system involves n cycles and the planning horizon 
is finite. 

4. 

hortages are allowed except for the last cycle. 

5. 

he backlogging rate is variable during the shortage period and is 
dependent on the length of the waiting time for the next 
replenishment. The proportion of customers who would like to 
accept backlogging at time £ is decreasing with the waiting time 
(T — £) waiting for the next replenishment. To take care of this 
situation, we have defined the backlogging rate to be — ;r 

when inventory is negative, backlogging parameter 6 is a 
positive constant. 

6. 

nitializing the cycle, the goods would not deteriorate, but 
Starting to deteriorate in a constant rate after a fixed period. 

7. 

uring the credit period, business can earn the interest income. 
After this period, business starts paying for interest charges. 


T T 

2T 

(n-2)T 

(n-l)T 



t d T+t d 

2T+t d 

(n- 

2)T+t d T 

(n-l)T+t d 


s 

Figure 1 

Inventory mocTel for 6 n’ cycles 



This inventory model has ‘n’ cycles over a finite 
planning horizon, and every cycle is beginning at ( j — 1)7, 
j=l,2,...,n. This study assumed that the goods would start to 
deteriorate in a constant rate after time (/ — 1)7 T tg and 
shortage occurs during the period (j — 1)7 +- k to /7, j=l,2,. . .,n. 
We aimed to find the optimal value of k over the period .0, H] 
for finding the optimal cost in model. 

I 

The change of inventory level can be described by the following 
equations 

D 

c/(£j _ 

— — = C; - 1)7 <£<(/- 1)7 -f £^ 


3. Model formulation 

The objective of the inventory problem is to find the total 
relevant cost as low as possible. The behavior of inventory 
system at any time is depicted in figure. 


dl{t) 

dt 


+ 91 (t) = -Ae~ xt t (j - 1)7 + t d 


< t <(j — l)7 +■ k 


diW'J 

dt 


-D 

i+Stfr-t) 


(j — l)T + k < t < }T 


I(t) 



with boundary conditions 

/to - I]r] = -1)T + k]=0 (4) 


The solutions of equations (1) - (3) are given by 


/(O — fnia^tp 
/« = : ' 4 


(A 


-I- - 1)7 < t < (; - 1]T + t d 

A 

[ e -^t _ 0 -U-t»[C;-Or + K]] (j _ l]r + <t 


,, D 1 
- T l PS 

0 i 


At t = (; 4 1) 


1 + fitjT - t) 


1 + S(jT - (j - 1)T - k 


, Q - l]T + k < t < jT 




! Q p.e[(;-OT+f d ] 

l[ e -A[(;-liT + { d ] _ eH *E;-07] 

A 1 


A 1 I K;- Or+t d ] _ 

+tj] ^ 


IJSET@2016 


doi: 10. 17950/ijset/v5sl 1/1 104 


Page 514 



v International Journal of Scientific Engineering and Technology 


Volume No. 5 Issue No. 6, pp: 512-518 

IJSlT 


ISSN:2277-1581 
01 Nov. 2016 


The change of inventory level in the last cycle can be described The fuzzy deterioration cost(5£) is given by 
by the following equation 


lit) = /^(n) +-[e Xt - (n - l)T < t < (n - l)T 

A 


f^l 

/ (j'-Dt+k > 

1 C 

z- 

W($}- f .4e- if dt| 

r +f™u(«) - | litidt 

p!' 

L C;-Dt j 

Cn- Dr+tj 


m = 


e 3t (A-0) 


[ 0 -U-9>t _ g-ii-eYri^ _ i)7 -i- t d <t <H 


m 


At t = (n - l)T +- t d , 

/ AA - f ' -tt-flMCn.-Or+tJ _ -U-fltel _ 

i-nuixVU ~ q _ g^glffi-OT + rii l 0 9 -I 


= c i 


13 — L 


Z 


r ^ | g - CA-0] [</- Dr+t d ] _ a -<A-flOrc/-Dr+M J ^ -AK/- i)r+*J 


U =1 


(A- flyedtJ-iJr+rJ 


A 


+ 


^ | g - (A-5) [( i3 - Dt + r d I _ g - tt-flta J ^ & -A [(?3 — Dt + t d ] 

E rt-. d ITm_ i 'l'P j. if- ,7 * ^ 


| fl - A[ (tz — Dr+fJ _ A tii- Dr J 

A 


The fuzzy holding cost(/?£) is given by 

(j-Ot+k 


(11) 

td^d.jdg, d 4 J 


(A - ttn-iJr+fd] 


^ , A [ s -(i-s:'V-)-L>T+t d ] _ e -a-«K;-Dr + ia] Ae -i i 
4j { (A - 3] e flhj-i-^+til " 


= c fc 


(n-DT+tj 


H 


Aj-DT + ti 

V | J" /(t)dt + j /(t)dfc| +- j" /(t)dt +- j l{t)dt 

J =1 - l, (j-C'T C;-L)r+T d J Cn-L)T (n-Dr+ti 


^Ip-d-flJKn-LJr+rd] _ 

b r- n q rr <n h i r ,i . ^ 


(A - 3> 3[(l ’- DT+f i 1 


(13) 


= Cfc 


V M ^ [ e_ Kj “ ° 7 ’ +t ' il - s r u - 3)[tj-ljT+a ] ^^-AKj-dr+tJ 

,j=i ^ 


(A - 0) [(j-L)T+t d ] A 

J ^[ e -'ihj'-iJr+tdl p-Altj-Dr]] A | s -A[ (j- dr+ ^ T-he&fuV.z^ IdTcMitjje cost (ST) is given by 

3 


A (A - 3) 

j| e ,-A[(j'-OT+id _ s -[Cl-fli[C;-iJr+tLl +fl[C/-Dr+t ji ]]Jj 


BiX-9) 

_ g -a-VH] Ata9 -3H±xif* 


(A - 3)p 3[(n - DT+f i : 

^Ip-AKn-lJr+fd] _ a -A[Cn-L)T]J _ ^-A Kn- L)r+r d ] ] 

' 3 


n-1 J' T 

j" J(t) dt 

:j U=l.f;_ L J T+ft 


■f 


,||p-Aif _ ff - [(A-fl)ff +8 [Cn- D t + t d ]] J 


A (A -0) c.D (n - 1J 


0(A - ff) 


[l + (l +5(7 - fc)){to fl (l -I- SiT - k)) - l} + (T - k 


(s^Sj.Sg^J/Kn - 1 ) 


[l + (l + S(T - k)){les( 1 + ff(T - fc» - 


— (fe^^ fig j 1 j 4 ) 


^ [ e -U-0}[{ J r-Or + t d ] _ [t;-OT + II ] A td e -A[C J f-Or + t d ] + tT kJl ° S t 1 + S(T fc ^] 

L ( (A - 3V [( J- ljT+ ‘'i ] _ A 

j = J ' 

^[ e -A[t;-OT+t d ] _ g -A[t;-Or]] A j e _A[{/_Dr+JtlCAS^iS/-QjSf^]^ f d ) 

3 


A (A - 3) 


A A \A — P..' 

^[g. “ 1 - T + ^ — e -[CA-fl3Kj- Dr+ft] +0[(j -L'lT+rillj’i 0 f ^etay i n payment (M) is absolutely is less than 


II] - 

&0. — th|e length with no deterioration (t^) in this case. Business can 


PVl VYicxx no ovtviioiuuon ni unj ‘ 

-4 |[ [(l2 “ L ^ T +t ^ ] r - A_ ,4 e -jl[ ( n the interest income during credit period. However, business 

f | _ g-|p3[uz-ij'T+r.,’: — starts paying for interest charges after the credit period 

^[p -Attn- l 3 r+t d ] _ p-AKiz— D t] J ^|p-Aif _ p-AHu-DT+tj] J 

A [ e -*s_ „-[<£«* + t»[tn-i3T + t d qi f^zy total interest expenditure^) 

J /' (j-Q7^tj£ Q-tiT+k 


90,-8) 


- c-I c 


(h-Ot+ td 

j l{t)dt +■ | /(f) dt | +■ | /(t)dt + 

j'=L U;-Ot+m Cj — Dt +trf 


(•r-Dt+m 
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, U~^ + Ci (J-OT.IC X ^ p j; £ 

2J J + J /(ddt| + j /(t)dt 

J = 1 W-L'T+M C;-DT+t d J (-r-Ot+M 


If 


j l(t)dt 


= (Pi-PfPs-lOh 


Gi-Dr+td 

R-l 


Y^ 1 f ,4 [*-•*&/- di'+Jd _ g -AKj-dr+w] ] 

4-r ^ - 0 j 

- 6 ) 

_ 9 - [ci-fl jit + fl[r.Ti- Dt +m]] j 


9 (A - 9) 


/ j _ g? 'ipSKj-OT+tjj] Thefuzzy total interest revenue(lF) 

A ( td _ m) e -AH;-Or+t j 4 [ e -AK;-Dr+t d ] _ g -Altj-OTp+Wlij- U t+m 

' I “ P = ft.Y 1 Ae ~ i( It- 0 -Ofldt 

_ e -AK/-Dr+t d lj " Zj J 


;=r (j-L)T 


A (A - 3) 


+ ■ 


4 1 ^ — AlCj — Ot + id _ e -[U-fl)[C;-D7+ft]+fl[C;-Dr+t d ]]J 


=| (sft, sft , sft , sft 3 I a 2^ ^ [ 1 - AM 9 “' Lv 


9 (A - 9 


9--*“] 


A{t d - ^[e-CA-^^-Or+rJ _ *-(!-*)«] ^ _ ^-lK^Or+t^W 

' (J1 - fl^Sltn-OT+tJ " ~X 

^[ g -jit B -OT + tj _ g -iK B -OT + «i] A [ e -ui 


here 


A 2 


j p - [Cl-fl) Jf +8 [(n- L)T +t d ]] J 


9 (A - 9) 


The total interest revenue(JT) 

n tj-UT+M 

= Pl^ j Ae-Xlt-fj -OT]dt 


A(A?£9% St+Bt -St+Tll - Tt + nOC 

(IS') 

CASE III (.k < M <T) 

The period of delay in payment(M) is more length than 
period with positive inventory (k) except for the last cycle. 
Therefore, the interest charge occurs in the last cycle only. 


J = 1 - (j-Ot 




IT 1 gi Jtma J ^ 

= Ji [l-AMe- 3 " 


;=!■ 


Therefore 

ft = fft + Bt + TZ - 7E + nQC 


The fuzzy total interest expenditure^ ) 

H 

f nc 

fi? 


= c p I c 


)dt 


Ch-Dt+m 


here 


= CPi ‘Pi'Pa'PiX 

(17) 


CASE II (t d <M < k) 

Here the period of delay in payment (M) is more length 
than the period with no deterioration C t d ~) but less than length of 
period with positive inventory (k) 


+ 

The total interest revenue(UT) 
rij-UT+k 


AH _ e -A.iln-UT+M\ j 

” A (A - 0} 

_ ff -[(Jl-fl)itf + S[(T3-DT+M]] J 


9 (A - 9 ) 


= PI, 


Ij-UT+k 


The fuzzy total interest expenditure^ ) 
Tn-i f U-^T+k 

ill 




/Wdd + 


,J= 1 \Cj— iJt +m 


n 

/ 


J(t) dt 


Cn-Or+M 


j j" A& jlt [t — (j — i)T]dt A (M — it) J" 

Cr-Ot+m 

4- | Ae^U - (« - l)70fil£ 


-At 


j=i VCj-Ot 


Cj-Ot 


(r-Ot 
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Consider the following data A=2, A = 0.01,# = 0.1, 


i=i 
ACti-Dt 


A 2 


A 2 


[l 






(223 





CASE 


M 

k 

TOTAL 







COST 

Therefore 

here 

CASE 

I 

30/365 

0.925287 

$ 43.79 

ft = fft + B£ -St + 7t 

-JE-I -nOC 

Co < iW 33 %) 


90/365 

0.926305 

$41.95 



CASE 

II 

360/365 

0.935610 

$40.34 



( t d < M < fc3 


375/365 

0.935646 

$40.26 

CASE IV C T < MJ 


CASE 

III 






Cfe < m < r) 





The period of delay in payment(M) is absolutely more 

CASE 

IV 




length than a cycle(T) . To compare with case III, there is no 

(7 < Mj 





interest charge in this case. 








The fuzzy total interest revenue(JE) 


= Ph 


rt/- U T+k t j-UT+k 

Ae~ lt: It — (j — l)T] i it -h (M — fe) J 

Cj'-Ot 


z / 

U = i V Cj -Ot 


5.Conclusion 

\In this paper, a fuzzy inventory model for non - 
-Instantaneous deteriorating items with permissible delay in 
payment over a finite horizon. With the reason of permissible 
H delay in payments and non-instantaneous deterioration, the total 


f J" is mjnim zed compared to existing models. The holding cost, 

J A 9 U — (n — DTjdt T lM — r <J J ^forta^ :ost, deterioration cost, purchasing cost, selling price 


(tc-Dt 


= Cpi- 






z 


,4 13 


-At J' 


J' = l 


A 2 


(h~Ot are considered as trapezoidal fuzzy numbers. Signed distance 
method is used for defuzzification. MATLAB R2007b is used to 
-Dt find ^ia-Qp|irsial values in numerical examples. 

— [l - - me + Gw - JfcU] + - — —7 [i +- x Gw - 73 ] 

A 
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3 2 
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-D] 
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TC = 8t -\-St - St -W + nOC 


- (n - 1)7] 


here 


The fuzzy total cost is defuzzified using signed distance method 


^ . . .-—a Bdift) 

For a minimum a[TCj , — 77 — = U am 2 


Bk 


3 z d(fE) 

Bk z 
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